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The duration and depth of seasonal soil saturation affects soil suitability for many landuses and are critical factors
in the determination of hydric soil boundaries for jurisdictional wetland delineations. Biochemical processes in
saturated, anaerobic soil conditions lead to the genesis of soil morphological features that indicate the duration of
seasonal saturation. However, few prior studies confirm the relationships between soil hydrology and soil morphology
in Minnesota landscapes. We monitored water table and piezometric elevations, soil temperature, redox potential, and
soil matric potential at multiple depths for five locations along a hillslope hydrosequence of well to very poorly
drained prairie soils (Mollisols) in southeastern Minnesota. Sites were monitored at two-week intervals for two years.
Detailed soil profiles were described and sampled during the summer of 1992 along this hydrosequence. The duration
that water tables were within the upper 30 em of the soil ranged from 0 weeks at the shoulder to 10 weeks at the
toeslope and 30 weeks in the drainageway. Low(< 300 mV) soil redox potentials, dark A horizon colors (chroma~
1), low chroma subsoil matrix colors (chroma ~ 2), and organic carbon contents > 3% were observed for the toeslope
and drainageway soils subjected to extended periods of high water tables. An increase in abundance of soil
morphological features associated with depletions and/or concentrations of Fe and Mn on mineral soil grains was also
associated with periods of prolonged soil wetness. Preliminary results suggest lateral movement of water through the
soils above a layer of dense till linking the hydrology of upland and wetland soils.
INrRODUCfiON

Recent interest in wetland preservation, and
consequently wetland identification, has intensified
interest in hydrologic, vegetative, and soil indicators of
wetland conditions. One criteria used to define
jurisdictional wetlands is the presence of hydric soils
which are defined as soils that are "saturated, flooded,
or ponded long enough during the growing season to
develop anaerobic conditions in the upper part" (1).
Field identification of hydric soils for wetland
determinations is frequently problematic for many
reasons. Direct observations of soil hydrology are
difficult to document due to large fluctuations in soil
saturation both within and among growing seasons.
Consequently, periodic observations are required over
multiple years to establish soil hydrology with any
degree of reliability. Because direct observation of
hydrology is not practical to identify jurisdictional
wetlands, soils and vegetation are used as indicators of
the depth and duration of soil saturation for many sitespecific wetland delineations. Biogeochemical
processes in saturated, anaerobic soils frequently result
in formation of morphological features that can be
used as reliable indicators of soil hydrology and,
consequently, for the identification of hydric soils.
However, because soil morphology integrates results
of multiple soil processes over long time periods, the

often complex interpretation of hydrology from soil
morphology cannot be reduced to a simple set of
indicators that can be readily applied by untrained
personnel. Our understanding of soil genetic processes
at the transition zone between wetlands and uplands
is rudimentary at best and little research has been
conducted on the linkage of upland and wetland
hydrology and effects of hydrology of soil catenas on
spatial patterns of soil characteristics.
Soil continua characteristics vary in response to
many environmental factors and provide clues of both
past and present climates, hydrologic regimes, and
disturbance. Classical theories of soil genesis date back
to Dokuchaev (2) who hypothesized that soil
characteristics depend on several environmental state
factors which can be used to interpret spatial patterns
of soil genesis. Jenny (3) further articulated this theory
and proposed that the characteristics of a soil vary with
climate, topography, biotic activity, parent material,
relative soil age, and other undefined or unknown
factors. While Jenny's model is difficult to quantify, it
provides a conceptual framework to view soil genesis
problems. Movement, accumulation, and residence
.. time of soil water are affected by these factors as well,
suggesting that hydrologic processes play a major role
in soil genesis for certain landscapes. Many studies
have
indicated
relationships
between
soil
morphological features and the duration and depth of

t Contribution from the University of Minnesota, Department of Soil Science, 439 Borlaug Hall, 1991 Upper Buford Circle, St.
Paul. 55108.

*Corresponding author.
Vol. 59, No.4, 1995

25

Research Articles
saturation, however, these features vary depending on
the specific soil environment. For example, gray or
low chroma (< 2) colors are often used as indicators of
seasonal saturation, but these colors will not form in
seasonally saturated soils with small amounts of
readily oxidizable organic matter (4) or where cool soil
temperatures
inhibit
microbial
activity (5).
Additionally, because the soil integrates long-term
conditions, morphologic features of a soil could be
relict from a previous hydrologic or climatic regime
and thus inaccurately reflecting current conditions (6).
Vepraskas (7) defined soil morphological features
associated with saturated and reduced soil conditions,
however, the genesis and interpretation of these
features are still unclear and the subject of ongoing
research. Viewing this problem from a landscape scale,
Richardson et al. (8) demonstrated that the spatial
distribution of soil morphological properties are
explained by landscape observations and descriptions
of water movement using flownet analysis. Bell et a!.
(9) and Moore eta!. (10) also demonstrated that spatial
patterns of certain soil properties are related to spatial
patterns of topographic attributes that describe water
movement and accumulation in the landscape.
Exceptional diversity in soils and landscapes often
makes it difficult to extrapolate results of a study from
one physiographic region to another.
Soil biology, chemistry, and hydrology interact in
processes that lead to the genesis of soil
redoximorphic features. Respiration of soil fauna and
flora depletes dissolved oxygen from soil water
leading to anaerobic conditions and associated
decreases in soil redox potential. Redox potential is
influenced by many factors , including soil pH and Eh
and provide only a rough measurement of soil
reduction (12). Fluctuating episodes of biochemical
oxidation and reduction of Mn and Fe associated with
seasonal water table fluctuations affect the solubility of
these elements; this creates distinctive soil colors and
color patterns (7, 12, 13). Soil color features, however,
will not develop if soil microbial activity is limited by
temperature, low organic matter content, or pH (14).
Therefore, it is important to examine relationships
among environmental factors affecting soil redox
processes and periods of soil saturation, given the
widespread use of these soil indicators for identifying
hydric and other seasonally wet soils.
The objective of our research is to determine how
soil hydrology affects soil morphology on hillslopes
and to identify biogeochemical processes responsible
for the formation of these soil morphological
differences. From a practical perspective, this work
will identify specific soil hydrologic regimes associated
with soil morphologies and suggest morphological
indicators of hydric soils for specific landscapes of the
upper Midwestern United States. Our specific research
objectives are to:
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(i) document biweekly fluctuations in soil water table

and piezometric elevations, soil tension, soil
temperature, and soil redox potential in the upper
two meters of the soil profile along a drainage
catena of soils from well drained to very poorly
drained;
(ii) document specific morphological changes in the
soil along a hillslope; and,
(iii) identify soil morphological features associated
with varying duration of soil saturation. We
established five wet soil monitoring sites in
different physiographic regions throughout
Minnesota. Preliminary results for the site located
near Faribault, Minnesota in a region of preWisconsin till mantled by late-Wisconsin loess are
discussed.
SITE DESCRIPTION

The study site is located in the central portion of
Rice County in southeastern Minnesota about 16 km
east of Faribault. The soil parent materials (Fig. I)
include pre-Wisconsin glacial till mantled by
Wisconsin-age loess in the uplands positions (Kenyon
and Renova soils, Fig. 2). Soils on the upper footslope
position (Nerstrand) have formed in alluvial/colluvial
sediments derived from the immediate hillslope and
the toeslope and drainageway soils (Nerstrand Poorly
and Epsom) formed in local alluvial sediments. Upland
soils (Kenyon, Renova, and Nerstrand positions) are Typic Hapludolls and Argiudolls. The toeslope
position (Nerstrand Poorly) soils are Cumulic
Endoaquolls and the drainageway position (Epsom)
soils are Vertic Endoaquolls. Because this landscape
was only thinly covered by glacial drift during the
Wisconsin glaciation, an open surface drainage
network is present. The drainageway that passes
through the study site flows westward into the North
Fork of the Zumbro River and eventually eastward into
the Mississippi River. The hillslope has about 15
meters of topographic relief with discernible summit,
shoulder, sideslope, footslope, and toeslope positions
(Fig. 3). Slope gradients approach 10% and the aspect
is south to southwest. Slope shape is generally straight
along the contour; convex, straight, and concave
shapes exist along the direction of maximal slope. The
hillslope is slightly dissected by low relief (< 1 m)
drainageways in the direction of maximal slope
gradient. The catchment area for the Kenyon, Renova,
Nerstrand, and Nerstrand Poorly site is the local
hillslope whereas the catchment area for the Epsom
site also includes surrounding hillslopes due to its
location in a drainageway. We speculate that the
dense, pre-Wisconsin till underlying the loess and
alluvial/colluvial sediments restricts vertical water
movement and causes some degree of lateral interflow
within the soils of the hillslope. Wetland hydrology in
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Nerstrand (Footslope)
Nerstrand Poorly (Toeslope)
Epsom nmin::u,A~o~or~vl
11111111111 alluvial slope wash
-

mixed local alluVium and
alluvial slope wash

lmll!iiiml dense pra-Wi•<:Onalnan till
Figure 1. Hlllslope transect of the study site indicating soil-stratigraphic relationships.

..

Kenyon

Renova

Nerstrand

Epsom

••

Figure 2. Generalized soil profiles along study site toposequence.

Figure 3. Perspective diagram of study site topography indicating monitoring station locations.
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Table 1. Measurements and equipment used for data collection at the study site.
Measurement

Equipment

Construction

Piezometric Surface

Piezometers

1.91-cm id PVC, schedule 40 pipe.
Holes are drilled in the lower 10 to 15 em of pipe and
covered with filter fabric.
Lower 15 em of piezometer are packed in sand capped with a
bentonite seal.

Water Table Surface

Well

2.54-cm id PVC, schedule 40 pipe.
Holes are drilled in the lower 80 to 100 em of pipe and
covered with filter fabric.
Well is packed in sand to soil surface and capped with a
bentonite seal.

Soil Matric Potential

Pneumatic Pressure
Tensiometers
Tensimeter

Soil Temperature

Thermocouples

Thermometer
Redox Potential

Soil Measurement Systems.

Type K, installed on a 1-m section of 1.91-cm id PVC, schedule
40 pipe.
Filled with insulating foam.
Assembly installed into a bore hole at appropriate depth.
Buried at 10 em and extending to 110 em.
Hand held. Model HH71Kl; Omega Engineering.

Platinum
microelectrode
AgCI ref. electrode
Digital multimeter

jensen Instruments
Shaft is 20 em longer than measurement depth.

Air Temperature

Thermometer

Model HH71Kl; Omega Engineering.

Rainfall, Cumulative

Rain Gage

Tipping Bucket; Forestry Suppliers.

the drainageway is most likely a groundwater
discharge of accumulated flow within the local
watershed. There is evidence (rills, matted vegetation,
and direct observation) of periodic surface flow in the
drainageway.
MATERIAI5 AND METHODS

Piezometers, tensiometers, thermocouples and Pt
electrodes were installed at multiple soil depths up to
2 m at five monitoring stations (Table 1) along a
hillslope transect during the fall of 1991 (Figs. 1 and 3).
The sampling stations were located along a
toposequence traversing the well to very-poorly
drained hillslope positions. Additional 300-cm deep
monitoring wells were installed at each monitoring
station and in the drainageway upgradient of the
Epsom station during the fall of 1992. A recording rain
gauge was installed at the summit monitoring station.
Additionally, the site is about 15 km from an
extensively instrumented weather station. Relative
instrument locations and elevations at each monitoring
station were surveyed to the nearest centimeter using
a geodimeter and geographic coordinates were

28

Micronta 22-188; Radio Shack.

recorded within 2 to 3 m using a global positioning
system. The following information is recorded on
weekly or bi-weekly visits.
• depth to water in 25-, 50-, 100-, and 200-cm deep
piezometers
• depth to water in 300-cm deep well
• pH of water in piezometers soil matric or pressure
potential at 25, 50, 75, and 100 em depths
• soil redox potential at 25, 50, and 100 em depths,
in duplicate
• soil temperature at 10, 25, 50, and 100 em depths,
in duplicate
Redox potentials were adjusted to pH 7 and for
reference electrode voltage. Soil profiles were
described in backhoe pits located within a few meters
of each monitoring station. The soil profiles were
described and classified according the U.S. system of
soil taxonomy (15). All soil horizons were sampled for
complete physical, chemical, and mineralogical
characterization by the National Soil Survey Laboratory
in Lincoln Nebraska. Soil bulk densities were
determined on an oven-dried basis from saran-coated
clods (16) and organic carbon was by acid-dichromate
digestion (17).
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REsULTS AND DISCUSSION

001,-----------------------------~

Monthly rainfall amounts were less than the 30year average at Faribault throughout the 1992 growing
season except for October when 12 em of rainfall was
recorded (Fig. 4). Cumulative May through October
rainfall was about 10 em less than the average. During
1993, greater than average rainfall was recorded
throughout the growing season.

I==

--- Nerslland Poorly _..,_ Nerstrand
..... Kenyon

Figure 5. Temporal variations of the piezometric
surface at the 200-cm depth for all monitoring
stations during 1992 and 1993.
J
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Figure 4. Thirty-year average and monthly
precipitation observations for study site.
The response of the piezometric surface along the
hillslope reflects the seasonal rainfall patterns (Fig. 5).
In both 1992 and 1993, the piezometric surface across
the entire hillslope rose during March in response to
spring thaw and remained high until early May when
evapotranspiration
potentials
increased.
The
piezometric surface reached a maximum first in the
lower landscape positions (Epsom) with a 2 to 4 week
lag before the piezometric surface peaked on the
shoulder of the hillslope (Renova). During 1992 ( <
normal precipitation) the piezometric surface dropped
150 to 200 em across the landscape between mid-May
and September, then partially rebounded during
October. The response of the piezometric surface for
the soils at the Nerstrand and Kenyon sites was nearly
coincident throughout both years, even though the
Nerstrand site is on a toeslope ·and the Kenyon site is
on the hillslope summit. The height of the piezometric
surface reached a maximum in mid-May for both soils,
then declined steadily through late August before
rising again in mid-November. The rapid rise and fall
of the piezometric surface is indicative of its convex,
shoulder hillslope position.
During 1993 (> normal precipitation) the piezometric surface again rose rapidly following spring thaw
then dropped less than 50 em in the lower landscape
positions and about 100 em in the uplands. Depth to
the piezometric surface followed the trend: Renova >
Kenyon > Nerstrand > Nerstrand Poorly > Epsom for
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both years. Duration of saturation at a 30-cm depth
increased for all hillslope positions from 1992 to 1993
(Table 2). Seasonal changes in the depth to the water
table as recorded in the 300-cm well during .1993 (not
shown) were nearly coincidental to the piezometric
surface. However, the water table did not remain
within 30 em of the soil surface for as long as the
piezometric surface due to greater piezometric
pressures at shallow depths, which were associated
with lateral water flow above the dense till (Table 2).
Relative water table elevation throughout 1993
followed the topographic gradient of the hillslope.
Consequently, we expect saturated water flow within
the soils of this landscape to follow topographic
gradients. There is little elevation difference (22 em)
between the Epsom and Nerstrand Poorly stations.
During the winter, when snow is present and soil
water is frozen, the water table in the Epsom station is
as much as 15 em above the water table in the
Nerstrand Poorly station. With the onset of the spring
thaw in mid-March, the water table rises rapidly at
both stations. By late March, the water table in the
Nerstrand Poorly is above that in the Epsom. Nearly
synchronous fluctuations in relative water table
elevations along this hydrosequence, in addition to the
large rise in the water table at all stations in response
to spring snowmelt, suggests that hydrology of the
wetland in the drainageway is affected by lateral
interflow from the hillslope.
Local hillslope hydrology is affected by the
presence of dense pre-Wisconsin till that underlies the
more recent surficial deposits (laess and alluvium) of
this landscape (Fig. 1). Greater bulk density of the
underlying till ( -1.8 Mg m-3) relative to the bulk
density of the surficial deposits ( -1.3 Mg m-3) suggests
differential pore size distributions and implies low
rates of saturated hydraulic conductivity (low porosity)
inhibiting vertical flow at the interface. Water
encountering this dense layer is forced to move
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Table 2. Summary of hydric soil indicator information for the study site.

Station
(landscape

Soil Family

Position)

Piezometric
Surface
within 30 cmt
1992
1993

Water
Redox
Table
< 300mV
matrix
within 30 5,;ml
Horizon color
at SO emS
1993
1993
1992

---------------~-----time

Kenyon
(Summit)

Renova
(Shoulder)

Nerstrand
(Foots! ope)

Nerstrand Poorly
('foeslope)

Epsom
(Drainageway)

Fine-Loamy, mixed
mesic, Typic
Hapludoll

2

Fine-Loamy, mixed
mesic, Typic
Hapludoll

0

Fine-Silty, mixed
mesic, Typic
Hapludoll

6

Fine-Silty, mixed
mesic, Cumulic
Endoaquoll

8

Fine-Silty, mixed
mesic, Vertic
Endoaquoll

16#

6

( wks)------------------6

< 2tt

< 2tt

---em-A

B
4

2

0

< 2tt

A

B
6

6

0

0

A

B
16**

to**

4

20

A

B

30**

3<>**

< 2tt

10

Depth

A

B

lOYR 2/1
lOYR 3/3

0 to 26
26 to 35

10YR 3/2
10YR 3/3

0 to 24
26 to 35

0 to 77
10YR 2/1
lOYR 5/3 77 to 125
lOYR 2/1
lOYR 3/2

0 to 64
64 to 88

N 2/0
lOYR 4/1

0 to 63
63 to 75

t

Based on depth to water readings from 200-cm piezometers read at 2-week intervals; number of weeks based on time
period inclusive between consecutive readings all of which were below piezometric surface at 30 em.
Based on depth to water readings from 300-cm wells read at 2-week intervals; number of weeks based on time period
inclusive between consecutive readings all of which were below piezometric surface at 30 em.
§ Based on platinum electrode potential readings from 50-cm read at 2-week intervals; number of weeks based on time
period inclusive between consecutive readings all of which were < 300 mV.
tt Only one observation below piezometric surface or with electrode potential < 300 mV.

*

laterally along the interface. Evidence of this process is
seen in piezometric pressure increases with depth up
to the dense till surface (indicating the accumulation of
water and water pressure above the till), and a
decrease below the interface (where the soil material
is much drier). Such a pattern is most clearly shown at
the Nerstrand Poorly station (Fig. 6). The soils at this
position consist of about 160 em of colluvial and
alluvial hillslope sediments over dense till. At this
toeslope landscape position, where there is a large
amount of accumulated flow from upslope positions
and a small topographic gradient to the local
drainageway, subsurface flows are greatest and lateral
flow is observed throughout much the year. This is
most clearly seen in the wetter conditions of 1993, but
is still evident in the drier conditions observed in 1992
by the higher piezometric surface recorded at the 100
em depth compared to the 200 em depth (Fig. 6). The
piezometric surface at the 50 em depth was generally

30

between those observed at the 100 and 200 em depths
indicating greater piezometric pressures closer to the
contact with the dense till; this is consistent with a
hypothesis of lateral flow above a restricting layer. At
other hillslope locations (not shown) this occurrence
of lateral flow is only evident during the 4 to 6 week
period during snowmelt when there is a great influx of
water into the soil system and the water accumulates
above the dense till interface. We hypothesize that this
process exists throughout the year at all higher
hillslope locations when larger amounts of water are
present, such as after large precipitation events.
Because of the relatively rapid response to these
events, such occurrences are only occasionally
observed with bi-weekly sampling.

Soil Reduction
The pH of soils on this hillslope at a 50-cm depth
falls within a relatively narrow range (6.5 to 6.8).
Previous work (18) suggests that a redox potential of

journal of the Minnesota Academy of Science

Research Articles
drainageway, hence, potential water flow rates are
much smaller. Therefore, the possibility of developing
an oxi-aquic condition is less and redox potentials
should remain stable under saturated conditions.

Effects of Soil Temperature
Soil temperature controls the rate of microbial
activity and therefore affects the development of
1
"

10C01~-----------------------------------,

900 .......

J F M AM J J A S 0 N 0 J F M A M J J A S 0 N 0
1992

1---- 25 an -... 50 an

rrne

-+-

1993
100 em --a- 200 em

j

Figure 6. Temporal variations of the piezometric
surface at 25-, so-, 100-, and 200-cm soil
depths for the Nerstrand Poorly station
during 1992 and 1993.
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300 mV can be used as a rough, yet conservative,
threshold for estimating the reduction of soil
constituents, primarily Fe and Mn, that may indicate
periods of soil saturation. The differences in quantities
of rainfall between 1992 and 1993 resulted in different
temporal responses for redox potential at a 50 em
depth (Fig. 7). Redox potential clearly separates the
Epsom and Nerstrand Poorly sites from the rest of the
landscape during 1993, however, this separation is not
as evident during 1992.
Redox potentials were less than 300 mV for longer
than 2 weeks only for the Nerstrand Poorly site in 1992
(Table 2). Redox potentials at a 50-cm depth rose
between April and June as the piezometric surface fell,
except for the Renova soil (shoulder) which remained
> 500 mV throughout 1992. The redox potential
remained > 500 mV for all soils from the mid-June
through 1992. During 1993, redox potentials remained
between 500 and 700 mV for the upper hillslope,
however, lower hillslope soils (Nerstrand Poorly and
Epsom) maintained redox potentials below 300 mV
throughout the summer and early fall as the soil
remained saturated at the 50 em depth. Redox
potential for the Nerstrand Poorly site remained fairly
constant, however, the redox potential at the Epsom
site fluctuated. On three occasions, the redox potential
vacillated from about 200 to 350 m V over 2 weeks. The
potential development of periodic oxi-aquic
conditions (soil is saturated but soil water is not
depleted of oxygen) may explain these vacillations.
The Epsom site is located in a broad drainageway and
the soils are composed of stratified and permeable
sands, silts, and gravels. Consequently, large water
flow rates may occur following rainfall that introduces
oxygenated waters at a 50-cm depth into this soil. The
Nerstrand Poorly site is on the fringe of the
drainageway and has a much smaller specific
catchment area than the central portion of the

Vol. 59, No.4, 1995
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Figure 7. Temporal variations of soil redox
potential at 50 em for all monitoring stations
during 1992 and 1993.
redoximorphic soil features. The definition of a hydric
soil requires a consideration of the duration and timing
of soil saturation in the growing season. Several
approaches define the growing season based on the
soil temperature regime, air temperature thresholds,
and direct measurements of soil temperature. While 5
oc is often used as a threshold value for biological
activity in soils (5, 19), there is evidence that microbial
activity occurs at colder conditions in both arctic and
subarctic regions (20, 21). Measurements of soil
temperature 50 em below the soil surface show that
soil temperatures are warmer than 5 °C from the last
week of April through the mid-November except for
the Epsom soil which cools earlier in the fall (Fig. 8).
Soil temperatures at 10- and 25-cm depths show
similar trends except that soil temperature remains
warmer than 5 °C two to four weeks later in the fall.
Growing season estimates based on 50 % probabilities
of encountering -2.2 °C (28 °F) or 0 °C (32 °F) air
temperature thresholds are two weeks later in the
spring and four to six weeks earlier in the fall, resulting
.in a shorter growing season estimation. If we only
consider soil saturation during the time period when
soil temperature at 50 em was warmer than 5 °C, only
soils at the two lowest landscape positions (Nerstrand
Poorly and Epsom) were saturated at 30 em for longer
than 2 weeks in 1992. The soils at all hillslope
monitoring sites were saturated for three weeks or
longer at the 30-cm depth during 1993 (Table 2) while
the soil temperature was warmer than 5 °C.
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Trne

1992

Sand Content(%)

1993
-

Nerstrand Poorly -+- Nerstrand

- - Kenyon

Figure 8. Temporal variations of soil
temperature at 50 em for all monitoring
stations during 1992 and 1993.
Soll Characteristics
Detailed examinations of soil profiles along the
hillslope show varying depths of surficial loess,
colluvium and/or alluvium over dense till. Soil particle
size distributions with depth show silt contents
converge around 35% and sand contents around 45%
at the depth of the dense till (Figs. 9 and 10).
Beginning at the summit, the Kenyon soil had a silty
mantle for the upper 40 em. This silty mantle was not
present in the Renova soil (shoulder) where the soil
texture was uniform with depth. The Nerstrand soil
(footslope) contains a 24-cm thick layer of recent
sediment over alluvial slope wash materials (hillslope
sediments) to a depth of 155 em and dense till below
155 em. A 25-cm thick fine-sandy loam horizon is
directly above the dense till. At the Nerstrand Poorly
soil (toeslope), the hillslope sediments extended to
below 2 m with silty sediments in the upper 155 em
over about 50 em of fine-sandy loam sediments. In the
drainageway, the Epsom soil profile is composed of
the same general sequence of silty over sandy
sediments. Both soil organic carbon (Fig. 11) and soil

~+-------~----~~------~------~
20
60
eo
40
Si~ Content

-Epsom

-

-o-

- - Kenyon

Renova

profile morphology suggest that buried A horizons
occur at a depth of 36 em for the Epsom
(drainageway), 20 em for the Nerstrand Poorly
(toeslope) and 24 em for the Nerstrand (footslope).
Because of the relatively steep topography, silty
texture, and land use history of this site, burial
probably occurred post-settlement due to cultivation
of the uplands. Soil organic carbon (Fig. 11) declines
in both concentration and depth of accumulation from
the summit to the drainageway reflecting the results of
both erosion and sedimentation processes and the
accumulation of organic matter under saturated soil
conditions. The colors of the surface soils which range
from dark yellowish brown (lOYR 4/4) on the
shoulder position to black (N 2/0) in the drainageways
(Table 2), also reflect this trend.

Morphological Indicators of Soll Saturation
Depths of the seasonal high water tables for the
soils on this hydrosequence are as follows: Epsom
(above surface), Nerstrand Poorly (5 to 15 em),
Nerstrand (5 to 15 em), Renova (15 to 30 em) and

~~------.-------,-------~------~
0
2
4
Soil Organic Carbon ('l'o)

(%)

Nerstrand Poorly -+- Nerstrand

Figure 9. Silt content with depth
for all soils at the study site.
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Figure 10. Sand content with depth
for all soils at the study site.

Nerstrand Poorty -+- Nerstrand

- - Epsom

-

-o-

- - Kenyon

Renova

Figure 11. Soil organic carbon content with
depth for all soils at the study site.
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Kenyon (5 to 20 em). The duration of these water
tables at shallow soil depths, though, is much shorter
in the upper hillslope positions (Kenyon, Renova, and
Nerstrand; Table 2). Shallow water tables ( < 30-cm
depth) occurred for periods as long as 6 weeks for the
Nerstrand and 2 to 4 weeks for the Renova and
Kenyon. These periods of high water tables only
occurred during the early spring when the soil
temperature was between 0 and 3 °C and when rates
of soil microbial activity would have been low.
Consequently, these soil profiles have greater soil
matrix chromas and less abundant redoximorphic
concentrations at shallow depths compared to the soils
in the drainageway and toeslope positions.
The Epsom (drainageway) and Nerstrand Poorly
(toeslope) soils had extended periods when redox
potentials were < 300 mV and the water table was
within 30 em of the soil surface. These differences in
soil reduction affect both the B-horizon soil matrix
color (Table 2) and the abundance of redoximorphic
features such as depletions and concentrations of Fe
and Mn on mineral soil grains, soil pores, and ped
faces. The presence of < 2 chroma colors in the B
horizon was associated with soils in the landscape
positions having high water table conditions and more
reduced potentials. These changes in soil color have
been attributed to the reduction of Fe3+ to Fe2+ and
the subsequent depletion of soluble Fe2+ (12, 13).
Additionally, greenish gray soil colors (5BG 5/1),
localized zones of low chroma colors (lOYR 5/ 2) along
root channels, and fine to medium, prominent, strong
brown (7.5YR 4/ 6) mottles were observed in the Bg
horizons of the Epsom and Nerstrand Poorly soils.
Greenish gray colors are probably forms of
reduced Fe, the localized low chroma colors along
root channels are likely redoximorphic depletions and
the strong brown mottles are redoximorphic
concentrations remnant of oxidized rhizospheres.
Presence of redoximorphic features resulting from
both oxidation and reduction indicate that these soils
are subject to fluctuating water table levels and redox
potentials, consistent with our observations (Figs. 5
and 7). The Epsom and Nerstrand Poorly soils would
be classified as hydric soils according to the criteria
specified by the 1987 and 1989 Federal Manual for the
Delineation of Jurisdictional Wetlands due to the
matrix color of the B-horizon and the presence of
redoximorphic depletions and concretions within the
upper soil profile.
Soils within this catena, particularly the lower
landscape positions, have thick accumulations of
humified organic matter in the surface horizons and
moist Munsell color values and chromas of 3 or less,
typical of Mollisols (15). Redoximorphic features,
typical of soils with seasonally-high water tables were
not conspicuous within the upper 20 to 30 em. For
example, in · the Epsom profile, prominent, strong

Vol. 59, No.4, 1995

brown (7.5YR 4/6) mottles are common from 25 to 75
em, however, no redoximorphic features were
observed above 25 em, despite prolonged periods of
high water table conditions and redox potentials < 300
mV (Figs. 5 and 7). In the Nerstrand Poorly profile
these strong brown (7.5YR 4/6) mottles were
described at the surface (0 to 20 em) and again at a
depth of 46 to 88 em. There are several possible
explanations for lack of clearly evident redoximorphic
features in the upper portions of the soil profiles. First,
the accumulation of humified organic matter in the
surface horizons of these Mollisols tends to mask soil
redoximorphic features. In this case (soils with mollie
epipedons), the B horizon color (or the soil horizon
directly beneath the A horizon) is probably the most
reliable indicator of seasonal saturation in the upper
portion of the soil profile. Second, surficial material in
the lower landscape positions is relatively recent
hillslope sediment and sufficient time may not have
elapsed for clear redoximorphic features to develop in
this material. Third, the biochemical processes
required for the formation of redoximorphic features
are complex and dependent on many environmental
factors . Environmental conditions may not be
conducive to the formation the redoximorphic features
in soils with mollie epipedons in certain situations.
SUMMARY

We monitored soil piezometric surfaces, water
table levels, temperature, and redox potential at 5
locations along a hillslope near Faribault, Minnesota,
to determine the duration and depth of saturated soil
conditions and the potential for biochemical reduction.
The measured parameters were compared to soil
profile characteristics to determine relationships
between hillslope hydrology and soil morphology in
the upper 2 m of the soil. Assessing soil hydrology
requires long-term monitoring due to climatic variability and results from only two years of monitoring
are preliminary at best. Given this caveat, the results
support the following preliminary conclusions:
1. Soil chroma in the B horizons decrease from 4 to
2 with increasing duration of saturation. Soils
saturated for > 2 weeks when the soil temperature
was warmer than 5 °C had chromas of 2. Other
soil characteristics associated with increased
duration of saturation included localized changes
in concentrations of redox sensitive elements,
darkening of the surface horizon from chroma 2 to
neutral, increased organic carbon content of the
surface horizon from 1 % to 7 %, and increased
depth of organic carbon accumulation from 30 em
to 60 em.
2. The timing of water table fluctuations relative to
seasonal soil warming and cooling influences the
development of soil redox features. Soil horizons
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3.

saturated for 6 to 8 weeks did not exhibit redox
features unless soil saturation occurred for longer
than 2 to 4 weeks when the soil temperature was
warmer than 5 °C.
Evidence of reduction was lacking in the upper
horizons of soils with high accumulations of
organic matter (mollie epipedons) despite the
presence of continuously high water table
conditions ( < 30 em depth) and rather reduced
potentials ( < 300 mV) for at least 10 weeks when
the soil temperature was warmer than 5 °C. For
soils with mollie epipedons, the matrix color of the
horizon directly beneath .the A horizon and
landscape position are possibly the most reliable
indicators of hydric soil conditions.

7.

8.

9.

10.
ACKNOWLEDGMENTS

We wish to express our appreCiation to Dr.
Warren Lynn, John Beck, George Poch, Dick Paulson,
and Carl Glocker of the USDA Soil Conservation
Service for their assistance with soil sampling,
description, and monitoring data collection. We also
wish to thank Arthur Higenbothem for allowing access
to his farm for this study. This research has been
supported by funding through the USDA Soil
Conservation Service Global Change Initiative, U.S
Army Corps of Engineers Waterways Experiment
Station, and Minnesota Agricultural Experiment Station
Projects 25-015 and 25-020

11.

12.

13.

14.

REFERENCES

1.

2.

3.

4.

5.

6.

34

U. S. Federal Interagency Committee for Wetland
Delineation. 1989. Federal manual for identifying
and delineating jurisdictional wetlands. USACE,
ESEPA, USDI-FWS, USDASCS. Cooperative Tech.
Pub!., U.S. Gov. Print. Office, Washington DC. 76
p.
Dokuchaev, V. V. 1883. Russian Chernozems
(Russkii Chernozem). Israel Prog. Sci. Trans.,
Jerusalem, 1967. Trans!. From Russian by N.
Kaner. Available from U. S. Dept. of Commerce,
Springfield, VA. 419 p.
Jenny, H. 1941. Factors of Soil Formation - A
System of Quantitative Pedology. McGrawHill,
New York. 281 p.
Couto, W., C. Sanzonowicz, and A. De 0.
B-arcellos. 1985. Factors affecting oxidationreduction processes in an Oxisol with a seasonal
water table. Soil Sci. Soc. Am.]. 49:12451248.
Pickering, W. W. and P. L. M. Veneman. 1984.
Moisture regimes and morphological characteristics in a hydrosequence in central Massachusetts.
Soil Sci. Soc. Am. ]. 48:1131 18.
Franzmeier, D. P., ]. E. Yahner, G. C. Steinhardt,
and H. R. Sinclair, Jr. 1983. Color patterns and

15.

16.

17.

18.

19.

20.

21.

water table levels in some Indiana soils. Soil Sci.
Soc. Am.]. 47:1196-1202.
Vepraskas, M.]. 1992. Redoximorphic features for
identifying aquic conditions. North Carolina
Agricultural Research Service. Tech. Bull. 301. N.
C. State University. Raleigh, N.C. 33 p.
Richardson, ].L., L.P. Wilding and R.B. Daniels.
1992. Recharge and discharge of groundwater in
aquic conditions illustrated with flownet analysis.
Geoderma. 53:65-78.
Bell, ]. C., ]. A. Thompson, C. A. Butler, and K.
McSweeney. 1994. Modeling soil genesis from a
landscape perspective. Trans. 15th World Cong.
Soil Sci. Acapulco, Mexico. Vol. 6a:179-195. Intern.
Soc. Soil Sci. ISBN%8-6201-27-0.
Moore, I. D., P. E. Gessler, G. A. Nielsen, and G.
A. Peterson. 1993. Soil attribute prediction using
terrain analysis. Soil Sci. Soc. Am.]. 57:443-452.
Bartlett, R. ]. and B. R. James, 1993. Redox
chemistry of soils. Am. Soc. Agron. Madison, WI,
Adv. Agron. 50:151-208.
Megonigal, ]. P., W. H. Patrick, Jr., and S. P.
Faulkner. 1993. Wetland identification in
seasonally flooded forest soils: soil morphology
and redox dynamics. Soil Sci. Soc. Am.]. 57: 140149.
Vepraskas, M. ]. and L. P. Wilding, 1983. Aquic
moisture regimes in soils with and without low
chroma colors. Soil Sci. Soc. Am.]. 47:280-285.
Bouma, J. 1983. Hydrology and soil genesis of
soils with aquic moisture regimes. In Pedogenesis
and soil taxonomy: I. Concepts and interactions. L.
P. Wilding, N. E. Smeck and G. F. Hall, eds.
Elsevier Sci. Ptib., Amsterdam. pp. 253-281.
U. S. Soil Survey Staff, 1992. Keys to Soil
Taxonomy. SMSS Technical Monograph No. 19.
Fifth Edition. Pocahontas Press, Inc. Blacksburg,
VA. 541 p.
Blake,G.R., and K.H.Hartge. 1986. Bulkdensity. In
Methods of soil analysis. Part 1. Physical and
mineralogical methods. A. Klute, ed. 2nd edn. Am.
Soc. Agron., Madison, WI. Agron. 9:363-382.
Walkley, A. and I. A. Black. 1934. An examination
of the Degtjareft method for determining soil
organic matter and a proposed modification of the
chromic acid titration method. Soil Sci. 37:29-38.
Bohn, H. L., B. L. McNeal, and G. A. O'Connor.
1979. Soil chemistry. John Wiley & Sons, New
York. 329 p.
Evans, C. V. and D. P. Franzmeier, 1988. Color
index values to represent wetness and aeration in
some Indiana soils. Geoderma. 41:353-368.
Van Cleve, K. And D. Sprague. 1971. Respiration
rates in the forest floor of birch and aspen stands
in interior Alaska. Arc. Alp. Res. 3: 17-26.
Boyd W. L. and]. W. Boyd, 1972. Microorganisms
in frost scars. Arc. Alp. Res. 4:257260.

journal of the Minnesota Academy of Science

